There has been a major advancement in managing chronic sinusitis and other sinonasal diseases. There has been a remarkable change in the surgical approach to inflammatory pathology of paranasal sinuses since the time, Messerklinger introduced endoscopic sinus surgery. In this changing scenario of indications for endoscopic sinus surgeries, detailed knowledge of sinonasal anatomy is of paramount importance. It is of utmost importance to master the relevant anatomy and its variations before one embarks upon endoscopic sinus surgery. Various cadaveric and radiological studies have been done to know about the important landmarks and anatomical variations. With increasing horizon of sinus surgery, where more of optic nerve and anterior and middle cranial fossa lesions are being dealt with endoscopically; surgeon needs to be more familiar with various variations in the anatomy of the important structures as even a small mistake can be detrimental to the vision and life of the patient.
INTRODUCTION
'If the ethmoid were placed in any other part of the body, it would be an insignificant and harmless collection of bony cells. In the place where nature has put it, it has major relationships so that diseases and surgery of the labyrinth often leads to tragedy. Any surgery in this region should be simple but has proven one of the easiest ways to kill a patient'.
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There has been a major advancement in managing chronic sinusitis and other sinonasal diseases. There has been a remarkable change in the surgical approach to inflammatory pathology of paranasal sinuses since the time, Messerklinger introduced endoscopic sinus surgery. In this changing scenario of indications for endoscopic sinus surgeries; detailed knowledge of sinonasal anatomy is of paramount importance. It is of utmost importance to master the relevant anatomy and its variations before one embarks upon endoscopic sinus surgery. Various cadaveric and radiological studies have been done to know about the important landmarks and anatomical variations. Rontal and Rontal reported the anatomical relationships and the critical landmarks for endoscopic sinus surgery. 2 Becker analyzed serial sections of frozen cadaver heads in axial, coronal and sagittal planes to understand the anatomy of the paranasal sinuses. 3 Sahni et al have reported the variations in sinonasal anatomy in North Indian population. 4 Radiological investigations and image-guided systems are also important tools which help to perform a safe and successful surgery though can in no way replace surgeon's thorough anatomical knowledge. Llyod et al in 1991 reported the usefulness of computed tomography (CT) in preoperative evaluation before functional endoscopic sinus surgery (FESS). High resolution CT scanning of nose and paranasal sinus (PNS) provides excellent bony detail and soft tissue mapping. Axial and coronal views are obtained with the head in neutral position and hyperextension respectively. 5 CT has become the modality of choice for inflammatory disease of the sinuses especially the ostiomeatal complex. Limited resections of inflammatory tissue or anatomic obstruction along with normal drainage channels of the sinuses reestablish mucociliary clearance of the sinuses. High resolution CT evaluates the extent of the inflammatory disease and assesses important anatomic landmarks and their variations. PNS CT has become a widely accepted tool for providing detailed anatomy of PNS. To avoid complications during endoscopic sinus surgery, CT scan should be studied thoroughly before surgery. Scan protocol should include: • Slice thickness 3 mm • Scans to be taken in all three planes-axial, coronal and sagittal • Both soft tissue and bone windows to be studied.
Anatomy of the sinonasal passages have many variations; some of which are seen more frequently in patients with chronic sinonasal inflammation. The anatomical variations can result in narrowing of the infundibulum or the maxillary ostium. Presence of Onodi cells, low placed fovea ethmoidalis are some 'dangerous' normal variations that should be recognized before FESS to avoid risk of injury.
Anatomical variations commonly seen included deviated nasal septum (DNS), inferior turbinate hypertrophy (ITH), concha bullosa, paradoxical and duplicated middle turbinate (MT), fenestrated uncinate process (UP), maxillary septa and hypoplasia, types of frontal cell, type of olfactory fossa, onodi cells and type of optic nerve. Some of the parameters, like septal pneumatization, pneumatized crista galli, clinoid process and pterygoid pneumatization can be studied only radiologically. The preoperative understanding of these anatomical variations is the key for a safe endoscopic sinus surgery procedure. 6, 7 Osteomeatal Unit
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• It refers to the common drainage pathway of the anterior sinuses (frontal, maxillary, anterior and middle ethmoid sinuses). The ostiomeatal unit in the center of interest in the lateral wall of the nose since the development of FESS, since it is thought to be the key in the pathogenesis of chronic sinusitis.
• OMU is comprised of:
-Ethmoid infundibulum -Uncinate process -Ethmoid bulla -Hiatus semilunaris -Middle meatus.
Nasal Septum
Commonest variation seen is a DNS (Figs 1A to C).
Variations like septal pneumatization can be picked up only on CT scan of nose and paranasal sinuses (Fig. 1D ).
Inferior Turbinate
Inferior turbinate hypertrophy (ITH) can be a compensatory process or an infectious pathology. A preoperative preparation with steroid nasal spray and decongestants helps to reduce the inflammation. Inferior turbinate pneumatization is very rare 8 and, if present, will grossly obstruct the nasal airway.
MIDDLE TURBINATE AND MIDDLE MEATUS
Middle turbinate (ethmoid bone) overlying the middle meatus is the most important anatomic area in the lateral wall of the nose. Superiorly, it is attached to lateral aspect of the cribriform plate; between cribriform plate and fovea ethmoidalis. Its lateral attachment, called the basal lamella, attaches to the thin lamina papyracea of the lateral ethmoidal wall. Posteriorly, the basal lamella curves superiorly to (Figs 2 and 3) .
Paradoxical middle turbinate is the abnormal curvature of MT, where the convex surface faces laterally and may block the drainage pathway of middle meatus (Fig. 4 ). Other variations of MT which were recorded intraoperatively by Gupta et al were duplicate MT in two (1.44%); multilobulated MT in one (0.72%); accessory MT in one (0.72%) and bifid MT in one (0.72%) case. 
Ethmoidal Infundibulum
It is cleft like 3D space in the lateral wall of the nose bounded medially by the uncinate process, laterally by the lamina papyracea and frontal process of maxilla and posteriorly by the anterior surface of the ethmoidal bulla. It becomes atelectatic, if there is paradoxical middle turbinate, concha bullosa or if the uncinate process is butting against the lamina papyracea.
Uncinate Process
It is a thin, sickle or L-shaped bone resembling a bent hook or a boomerang. Its ascending convex anterior margin merges with the lateral nasal wall, whereas the posterior margin is sharp, free and concave.
Attachment of uncinate process is known to have a bearing on the drainage of frontal sinus. If it is attached to lamina papyracea, frontal sinus drains medial to UP but, if it is attached to skull base or MT, then sinus drains into infundibulum just lateral to UP. One should be aware of presence of accessory ostium because during surgery, if the natural and accessory ostia are not joined then it can lead to recirculation phenomenon with persistent symptoms (Fig. 5) .
Hiatus Semilunaris Superior
This is also a crescent-shaped cleft between basal lamella and the posterior wall of bulla ethmoidalis. It is through this gap that the sinus lateralis, when present (retrobullar and suprabullar recesses) can be entered inferomedially underneath the middle turbinate.
LATERAL SINUS (SINUS LATERALIS OF GRUNWALD)
It is bounded:
• Laterally-lamina papyracea • Superiorly-ethmoid roof • Posteriorly-ground lamella • Anterior and inferior-roof and posterior wall of ethmoids.
Anterior Ethmoidal Artery
Anterior ethmoidal artery (AEA) is located in roof of anterior ethmoids posterior to frontal recess and may lie in a bony canal or in a bony mesentry. It can be visualized on coronal sections on CT scan where it forms medial beak of superomedial orbital wall as it branches out from ophthalmic artery ( Figs 6A and B) . 
Agger Nasi Cells
Agger nasi cells are the anterior most anterior ethmoid air cells located anterior and inferior to frontal recess draining into the ethmoid infundibulum. They act as excellent surgical landmarks for frontal recess. Agger nasi cells may narrow the frontal recess and obstruct the lower end of the frontonasal duct leading to frontal sinus disease. There may be extension of pneumatization of anterior ethmoid air cells into frontal process of the maxilla/lacrimal bone.
Ethmoidal Bulla
It is the most constant anterior ethmoid air cell forming the posterior border of hiatus semilunaris. Its lateral extent is the lamina papyracea and superiorly extends up to the ethmoid roof.
Hiatus Semilunaris Inferior
It is crescent-shaped cleft, located between posterior free margin of the uncinate process and the corresponding anterior face of the ethmoidal bulla of variable dimensions. It is a cleft like door through which ethmoidal infundibulum communicates with the midlle meatus. 
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SURGICAL SIGNIFICANCE
The weakest point of the entire skull base is the point at which the AEA leaves the ethmoid and proceeds anteriorly in the ethmoidal sulcus of the olfactory fossa. Greatest caution must be exercised while working medial to the ethmoid roof. Knowledge of course of AEA is very important for surgeon. If injured during surgery, it gets retracted into the orbit causing orbital hematoma and subsequent visual loss if not treated immediately. So, surgeon must be familiar with the possibility of an abnormal course of AEA.
IDENTIFICATION
• Follow the anterior surface of the bulla in the direction of the roof, the artery is 1 to 2 mm posterior to their confluence.
• If the anterior bulla lamina does not extend up to the roof and there is no separation between the frontal recess and lateral sinus, the artery is seen in the lateral sinus.
Haller Cells (Infraorbital Ethmoid Air Cell)
Haller cells develop in the floor of the orbit, adjacent and above the maxillary ostium. When enlarged constrict the infundibulum and blocks the maxillary sinus ostium.
Olfactory Fossa
• Frontal bone lamellae are much thicker than ethmoid lamellae.
• Frontal bone abuts against the lateral lamella of lamina cribrosa, constituting the lateral border of olfactory fossa which can vary. Highest point of the roof of the ethmoid can be as much as 17 mm higher than the lamina cribrosa. Kero's has described three type of olfactory fossa depending on the depth; type I: 1 to 3 mm; type II: 4 to 7 mm and type III: >8 mm. 10 More is the depth; more are the chances of injury to skull base during endoscopic sinus surgery (Figs 7A to C).
Figs 7A to C: The Kero's types 1, 2 and 3 type of olfactory fossa on CT scan: (A) type 1, (B) type 2 and (C) type 3 The lateral lamella is particularly vulnerable, where the olfactory fossa is deep the cribriform plate. Anterior cranial perforation with CSF leak may occur, if the surgeon is not aware of low ethmoid roof or excessive sloping of the roof.
Onodi Cell
The posterior ethmoid cells may extend into sphenoid sinus and may surround the optic nerve. These cells are called onodi cells. Their presence may increase the chances of optic nerve injury (Fig. 8) .
Surgical Importance
Posterior cells can develop laterally or superiorly (onodi cell) over the sphenoid sinus. Laterally, these may lie up to 1.5 cm beyond the sphenoid sinus. In the presence of an onodi cell, the anterior wall of sphenoid runs from anteromedial to posterolateral instead of frontally, so the direction of dissection must always be inferomedial after perforaton of the ground lamella.
Daisy S et al reported onodi cells in 10% of cadavers. can reduce complications as they can be attached to optic nerve or carotid artery. In a study by Gupta et al, 3% of intrasphenoid septa were found to be attached to optic nerve and 2% were found to be attached to carotid artery.
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Sphenoid Sinus
It is the most posterior of the paranasal sinuses lying superior to nasopharynx, anterior and inferior sella having variable pneumatization with inverse relationship between pneumatization and the thickness of the sinus wall. According to Congdon, 11 sphenoid pneumatization (Figs 9A to C) can be as follows:
• A: Conchal-5%
• B: Presellar-23%
• C: Postsellar-67% Anterior face of the sphenoid lies approximately 7 cm from nasal sill on 30° axis from the horizontal.
Relationships of Important Structures
• Superior: Hypophysis, olfactory tract, frontal lobe There may be multiseptate sphenoid sinus ( Figs 13A  and B) . Complete clearance of disease from all compartments is a must to prevent residual disease. There may be excessive pneumatization of the pterygoid processes (Fig. 14) . Dehiscent carotid artery was seen in 10.2% sides and dehiscent optic nerve in 18.2% by Benjaporn Nitinavakarn et al 13 
Frontal Sinus
Frontal sinus develops from small grooves in the cartilage of the lateral nasal wall during the third and fourth fetal 
Frontal Cells
Presence of various types of frontal cells (Kuhn cells) may change the drainage pathway of frontal sinus. 16 They should be studied in detail on CT scan preoperatively and all cells must be opened during surgery to achieve an adequate frontal sinusotomy and for complete removal of disease. The Kuhn classification of frontoethmoid cells: month and is incompletely developed at birth. It is first visible radiographically in patients aged 6 years. The frontal sinus opens into the frontal recess or directly into the anterior end of the infundibulum.
Anatomic Boundaries of Frontal Recess
• Anterior-unicate process and agger nasi • Posterior-bulla ethmoidalis and suprabullar lamella
